Purposes: To describe ocular features, management of cataract and functional outcomes in patients with persistent fetal vasculature. Methods: Retrospective, descriptive case series of patients with persistent fetal vasculature. Data were recorded from the Congenital Cataract Section of Federal University of São Paulo, Brazil from 2001 to 2012. All patients were evaluated for sex, age at diagnosis, systemic findings, laterality, age at surgery, and initial and final follow-up visual acuities. Follow-up and complications after cataract surgery were recorded. Ultrasound was performed in all cases and ocular eco-Doppler was performed in most.
INTRODUCTION
Persistent fetal vasculature (PFV) is a congenital developmental anomaly of the eye resulting from failure of the embryological pri mary vitreous and hyaloid vasculature to regress. PVF typically presents unilaterally without association with systemic findings, but sometimes PFV may be associated with rare systemic syndromes as Walker-Warburg anencephaly, oculo-dento-osseous dwarfism, oculopa lato-cerebral dwarfism, Patau syndrome, or others (1, 2) . Bilateral cases account for less than 10% of the cases (3) . Persistent fetal vasculature can be classified as anterior, posterior and combined forms, according to the affected intraocular structures. This heterogeneity of clinical presentation makes PFV a challenge to surgical management (4) . Persistent fetal vasculature is related to congenital cataract (5, 6) . Ho wever, surgeries for cataract in patients with PFV are more difficult to perform and are related to higher rates of postoperative complications as: retinal detachment, hyphema, intraocular hemorrhage, glaucoma, secondary opacification of the visual axis and extensive inflammatory response with pupillary block (7) (8) (9) (10) . This study aims to describe ocular features, management of cataract and visual acuity (VA) outcomes of patients with PFV after cataract surgery.
RESUMO

METHODS
Study deSign
A retrospective, noncomparative and descriptive case series of patients with PFV were recorded from the files of Congenital Cataract Section of Federal University of São Paulo, Brazil during the period from 2001 to 2012.
PatientS and oPhthalmological examination
All patients were evaluated for sex, age at diagnosis, associated systemic abnormalities, laterality, biomicroscopic examination, ocular axial length (contact A-scan measurements), initial and final follow-up VA, and intraocular pressure. Age at surgery, follow-up period and complications after cataract surgery were recorded. Indirect ophthalmoscopy and A-and B-scan ultrasonography were performed in all patients in order to evaluate components of anterior and posterior forms of PVF. Ocular eco-Doppler was performed in most patients to assess vascular blood flow. Persistent fetal vasculature was classified according to the structural ocular involvement as anterior, posterior or combined form (11) .
Surgical techniqueS uSed for cataract extraction
Lensectomy by 25 gauge bimanual vitrectomy technique was per formed through the pars plicata or limbal approaches. The nucleus and cortex were aspirated in the bag. Anterior vitrectomy for removal of the PFV was performed in all cases operated by this technique. Endodiathermy was used if bleeding or in patients when the eco-Doppler examination disclosed vascular blood flow inside the fibrovascular stalk.
Phacoaspiration with or without intraocular lens implantation (IOL) was performed through limbal incision, lens aspiration and IOL in the bag implantation. Posterior capsulorhexis, anterior vitrectomy and fibrovascular stalk management were performed via pars plana with 25 gauge vitrectomy system. Endodiathermy of permeable fibrovascular stalk was performed when necessary.
All surgeries were performed under general anesthesia by the sa me author (MBT).
criteria for Surgery indication and main outcomeS evaluated
Surgery was indicated in cases with VA of 20/150 or less in eyes with no macular involvement. Exclusion criteria included microphthalmia and eyes with no light perception.
Postoperative VA and rate of postoperative complications were obtained. Visual acuity was assessed with age-appropriated tests such as the Teller Acuity Cards, Lea-Gratings Visual Chart, Snellen Chart, or Sweep VEP (Sweep Visual Evoked Potentials). Postoperative corrected distance VA results were compared, when possible, with preoperative values and classified as: no-change; improvement or deterioration.
ethicS
The authors certify that the study protocol was approved by the Ethics Committee and that the protocol for the research project is conforming to the provisions of the Declaration of Helsinki in 1995 (as revised in Edinburgh 2000). Authors declare no financial support or relationships that may pose a conflict of interest.
RESULTS
The study group comprised 53 eyes from 46 patients. Age at diagnosis ranged from 5 days of life to 10 years-old (mean 22.7 months).
Twenty-seven patients were male (58.7%). Persistent fetal vasculature was bilateral in 7 patients (15.2%) and unilateral in 39 patients (84.8%). Among the bilateral cases one patient was diagnosed as Patau syndrome and one patient had juvenile rheumatoid arthritis.
In the entire group the initial VA varied from non-light perception to 20/50.
Forty-two eyes (79.2%) had combined (anterior and posterior forms) PFV presentation, 5 eyes (9.4%) had only posterior PFV presentation and 6 eyes (11.3%) had predominantly anterior PFV presentation.
Thirty-eight eyes (71.7%) were submitted to cataract surgery. Age at surgery ranged from one month-age to 4 years (mean 14 months). Initial VA in the operated group of patients varied from light perception (31 eyes) to 20/150. There was no indication for surgery in patients with no-light perception and severe microphthalmia. Lensectomy combined with anterior vitrectomy was performed in 18 eyes (47.4%). Phacoaspiration with IOL implantation was performed in 15 eyes (39.5%), and without IOL implantation in 5 eyes (13.2%). Fifteen eyes were not submitted to cataract surgery including one patient presenting unilateral PFV with VA of 20/50 in the affected eye.
Mean follow-up after surgery was 44 months. Postoperative complications were posterior synechiae (3 cases), retinal detachment (2 cases), phthisis bulbi (3 cases), posterior capsular opacification (8 cases), inflammatory pupillary membrane (5 cases), glaucoma (4 cases), IOL displacement (1 case) and vitreous hemorrhage (2 cases). Those complications were identified in 19 (50%) of the 38 operated eyes.
Final corrected distance VA was obtained in 36 eyes and VA improved after surgery in 83% of eyes. Three eyes (8.3%) developed phthisis bulbi after surgery and showed no-light perception. None of the 15 non-operated eyes improved VA and, in this group, a total of 6 eyes decreased VA during the follow up period of the study.
DISCUSSION
This study reported predominance of unilateral cases and both anterior and posterior PFV presentation. These findings are in agreement with some previous published studies (10, 11) . Some authors discuss that most cases of unilateral congenital cataracts are due to different presentations of PFV (5, 7) , and that minimal fetal vascular remnants were found in 100% of a case series of 31 patients operated for unilateral congenital cataract (5) . Cataract surgery in patients with PFV presents different degrees of difficulty, and initial surgical plan may change depending on the pre and intraoperative conditions. Ocular eco-Doppler findings showing extensive blood flow from the optic nerve to the posterior face of the lens is a predictive factor of possible intraoperative hemorrhage. The surgeon must be aware of the situation and be prepared with endocoagulation instruments and techniques to deal with the situation. Intraocular hemorrhage is a common cause of bad prognosis and poor outcomes in this PFV cases.
Membranous cataract or fibrovascular plaques at pupillary site or in the retrolental space may need further surgical manipulation with the use of micro-scissors to create a clear visual axis.
Some eyes with PFV and cataract are associated with variable de grees of microphthalmia. In these cases, the visual improvement after cataract surgery may be limited. Early surgical intervention with microsurgical 25 gauge lensectomy or phacoaspiration techniques combined with anti-amblyopic therapy resulted in favorable visual outcome in many operated eyes (10) . Nineteen eyes (50%) presented postoperative complications in our study. Severe complications as retinal detachment and phthisis The prognosis after cataract surgery seems to be linked to the pre sentation forms of the PFV and associated preoperative ocular features. Anatomical results depend on the fibrovascular stalk width, presence of blood flow inside the stalk, type of presentation (anterior, posterior or combined form of PFV) and associated microphthalmia. Those variables are associated with the higher incidence of postoperative complications. Visual and functional results depend on age of lens opacity occurrence (congenital or latter acquired cataract formation), age at surgery and presence of major or minor macular involvement.
In our study 82% of the included eyes had initial VA of light perception and final corrected distance VA improved after surgery in 83% of the eyes despite the high rate of complications while none of the 15 non-operated eyes improved VA. Specific circumstances and clinical variables, as the occurrence of glaucoma after surgery and poor adhesion to occlusive therapy with severe amblyopia, may have also affected the final VA in those children.
New studies concerning cumulative factors that could predict prognosis for each case are necessary to help ophthalmologists to decide whether to perform surgery. Among the main pre-operatory clinical variables are: lens and vitreous opacities affecting the visual axis (Figure 1 ), width and occurrence of blood flow inside de stalk detected by eco-Doppler (Figures 2 and 3) , retrolental vascularized plaque also detected by eco-Doppler (Figure 4) , form of PFV presentation with major or minimal macular involvement ( Figure 5 ), presence of microphthalmia and patient's age at surgery.
The surgeon and patient's parents must be aware of severe pos toperative complications after cataract surgery in eyes with PFV thus causing in some cases poor VA or unfavorable outcomes. Early diagnosis, early surgery and prompt anti-amblyopic therapy after cataract surgery are important factors to be considered as functional prognostic factors.
CONCLUSIONS
Our study related that patients with persistent fetal vasculature had variable clinical presentations and there is a clear association of persistent fetal vasculature with congenital cataract. Although severe complications are related to cataract surgery in patients with persistent fetal vasculature our study disclosed that more than 80% of the operated eyes improved visual acuity despite high occurrence of intra and postoperative complications. Eco-Doppler can help in order to predict intraoperative hemorrhage and poor visual prognosis in severe forms of persistent fetal vasculature.
In spite of the limitations of this study regarding its retrospective and noncomparative design we observed visual acuity improvement in 83% of the eyes after cataract surgery and anti-amblyopic therapy in a mean postoperative follow-up of 44 months. bulbi occurred in 5 eyes (13%) leading to loss of vision in those eyes. All these five eyes presented microphthalmia, combined form of PFV, a large stalk with internal blood flow and posterior retinal folds. Literature report with modern closed chamber cataract surgery in PFV showed a complication rate of 27% (8) . 
